The line emission spectra were measured at 300 °K and 78 °K in solid samples of europium (III) phthalate and naphthalate and in the a.a'-dipy ridyl complexes Sm dip., Cl3. 2 H.,0; Eu dip, Cl3, 2 H,0; Tb dip,(N03)3 and Dy dip2(N03)3, HoO. The gadolinium (III) compound Gd dip2"Cl3 , 2 H.>0 shows a typical VAN UITERT effect of energy transfer from the main constituent to Eu(III) and Tb(III) present in the concentration range 0.01-0.1 mole %. The methanolic solution of Gd(III) does not exhibit such energy transfer, whereas Eu dip/ 3 and aqueous solutions, probably of Eu phthalo -and Eu naphthaL". fluoresce strongly at room temperature. However, the latter solution tends slowly to deposit crystalline salts. 
(Z. Naturforschg. 19 a, 434-439 [19641 ; eingegangen am 5. Februar 1964) The line emission spectra were measured at 300 °K and 78 °K in solid samples of europium (III) phthalate and naphthalate and in the a.a'-dipy ridyl complexes Sm dip., Cl3. 2 H.,0; Eu dip, Cl3, 2 H,0; Tb dip,(N03)3 and Dy dip2(N03)3, HoO. The gadolinium (III) compound Gd dip2"Cl3 , 2 H.>0 shows a typical VAN UITERT effect of energy transfer from the main constituent to Eu(III) and Tb(III) present in the concentration range 0.01-0.1 mole %. The methanolic solution of Gd(III) does not exhibit such energy transfer, whereas Eu dip/ 3 and aqueous solutions, probably of Eu phthalo -and Eu naphthaL". fluoresce strongly at room temperature. However, the latter solution tends slowly to deposit crystalline salts. Chem. Phys. 10, 214 [1942] where light quanta absorbed in the naphthalene chromophore produce fluorescence in the anthracene part 18 ] the most efficient energytransfer undoubtedly occurs when the distance is as small as possible.
Carboxylic Complexes
With the previous considerations in mind, we made a series of qualitative experiments, looking with a pocket spectroscope for line emission from ethanol glasses at liquid nitrogen and slightly higher temperature. As expected, no line emission is observed when pyrene, anthracene, acridine or quinine in its acid form, fluoresce in the presence of Eu(III); we would not expect the formation of complexes having Eu(III) in sufficiently close contact with the molecules capable to fluoresce. The fluoresceinate of Eu(III) only gives a broad green band at room temperature but gives line emission in liquid nitrogen. The eosinate only produced a broad yellow band under these conditions. The o-coumarate, the umbelliferonate, the anthranilate and even the ß-methyl-umbelliferone (7-hydroxy-4-methylcoumarin which has a phenolic group at the seventh position) gave a mixture of broad blue bands and red lines. It is clear that the best choice is an aromatic hydrocarbon having carboxyl or hydroxyl (phenolic) groups directly attached to the ring system. Actually, we are in the near future going to investigate pyrene-and diphenyl-carboxylates. We already have certain results for phthalates and 1,8-naphthalates. The complex formation of these bidentate ligands is to be discussed soon 19 ; the aqueous solution containing two or more moles of the anions phthal ~ = 16 T. MOELLER Table 2 ).
Dipyridyl Complexes
It is usually assumed that the lanthanides are so extreme CHATT-AHRLAND type A-central ions 21 that only oxygen-containing ligands form strong complexes. Actually, the three heavy halides form very weak complexes in water, though stronger in ethanol 4 ' 22 , and the A-character is even more pronounced in Pr (III) than in Yb(III) 4 . However, the heterocyclic diimines phen ( = o-phenanthroline) and dip ( = a,a-dipyridyl) seem to be exceptional in this respect. The reason why these ligands form stable complexes containing lanthanide-nitrogen bonds is partly due to the fact that the free ligands are far weaker bases than aliphatic amines and so have less tendency to precipitate basic salts or hydroxides, and partly due to possible steric effects. Thus, KONONENKO We were surprised to observe pink line-emission from Gd dip2Cl3, 2 H20 made from better than 99.9% Gdo03. The fluorescence spectrum clearly shows Eu (III) and, at 78 °K, also Tb(III) lines (Table 1) Nature, Lond. 196, 467 [1962] . Eu(III) and Tb (III) may take over the energy absorbed in nearly pure Gd (III) compounds and then emit their characteristic lines. The "VAN UITERT" effect does not usually occur in solutions, and actually, our Gd dip2Cl3, 2 H20 shows no fluorescence in methanolic solution.
Discussion
It is seen from Table 1 that usually [with the exception of the VAN UITERT effect for Tb(III) in Gd dip2Cl3 . 2 H20 and in the case of Dy dip2(N03)3, H20] there is somewhat larger fluorescence intensity at 78 K than at 300 K. Since no spectacular increase of intensity occurs at low temperature, we conclude that quenching of fluorescence due to vibrational effects is not the main reason determining the quantum yields for fluorescence in our compounds. The main factor seems to be a "bottleneck" in the energy transfer from the aromatic ligands to the 4f shell. We did not attempt to measure absolute quantum yields, and as we discuss in the next section, there are various reasons why the intensities in Table 1 have only a qualitative value. However, in order to have a comparison spectrum, w T e recorded the fluorescence of uranyl acetate U02 (02CCH3) 2, 2 H20 under the same conditions in which the fluorescence of the rare-earth ions was studied. Table 3 shows the characteristic vibrational structure of equidistant bands spaced 860 cm -1 apart (the symmetric stretching frequency 31 of the electronic groundstate of U02 ++ being 860 cm" 1 whereas the first absorption system of U02 +i shows 32 intervals around 710 cm" 1 ). From a comparison of Table 1 It was argued by SAMELSON We are not going to investigate whether our compounds have any potential use as lasers, since this will be done by our colleague Dr. FRED HALVERSON at the American Cyanamid laboratories in Stamford, Conn. However, it is interesting that aqueous solutions at room temperature or methanolic solutions (which have the advantage of freezing sharply at -98 °C, whereas cooled ethanol becomes viscous like glycerol and cannot readily be circulated and cooled) may possibly be within the class of laser materials. It seems quite plausible that a wide variety of ligands 21 might form acceptable fluorescent Eu(III), Tb(III) and Dy (III) complexes.
Experimental
Compounds were prepared from 99.9%, or better, rare earths (American Potash, Lindsay Division, West Chicago) except certain samples of europium (III) complexes made from 99% Eu203 (the rest mainly La203) from Orquima I.Q.R.s/A, Sao Paulo. The details of preparation of dipyridyl complexes are given elsewhere 25 . The phthalates and naphthalates are precipitated from solutions, the equilibria conditions of which are discussed separately 19 .
Sodium naphthalate was precipitated from the aqueous solution of Fluka naphthalic acid in 1 M NaOH 38 C. K. JORGENSEN, R. PAPPALARDO, and E. RITTERSHAUS, Z. Naturforschg. 19 a. 424 [1964] , with three volumes of ethanol. In this way, a brown impurity is removed and one can readily make a nearly colourless stock solution of 0.2 M Na2 naphthalate in water.
For the qualitative experiments, the ligands for making fluorescent compounds were obtained from Fluka, Buchs, and 0.01 M ethanolic or aqueous solutions were added to varying amounts of 0.03 M europium (III) chloride in ethanol. A Mineralight short wave (253.7 m/^) or long wave (366 m,w) ultraviolet lamp with black filter was used as light source. The emission spectra were observed with a Schmidt-Haensch "Longo II" spectroscope.
Fluorescence spectra were measured on a Cary 14 spectrophotometer. The geometry of the instrument was suitably modified for detecting and recording fluorescent radiation from the samples. For low-temperature work the samples were mounted on the "cold finger" of a cryostat. The spectrophotometer was used as a single-beam instrument. In order to have some way to estimate the fluorescence intensity, we tried to keep the geometry of the system and the sensitivity of the detecting-recording sections unaltered. The only variable condition was the entrance slit-width of the Cary. The optical-density measuring slide-wire was used. The intensities given in Table 1 are derived from the convention that the optical density reading on the chart at D = 0 corresponds to the intensity 100; D= 1 to 10; Z) = 1.5 to 3.1 and D = 2 to 1. We then divided these intensities by s, the slit-width in mm, in order to get comparable values in Table 1 . The samples were excited by 3660 Ä radiation from an Hanovia fluorescent lamp model 11.
However, it is seen that the light intensity going through our device rather is proportional to the square of the slit-width which seems to be an inherent feature in the spectrophotometer. If the half-width of the lines emitted were comparable to the instrumental bandwidth for a given opening of the slit, nearly invariant values of (10)would be expected. Since we are using the apparatus as a spectral-energy recorder, we ought to correct for the varying sensitivity of the photocells. Such ratios are far from being constant. Hence comparison between intensity of emitted lines in various compounds using the data of Table 1 should only be restricted to values corresponding to the same spectral region and the same slit-width. 39 L. G. DESHAZER and G. H. DIEKE, J. Chem. Phys. 38. 2190 [1963] .
